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Objective: An ultrasound screening program for abdominal aortic aneurysms (AAAs) in men began in Gloucestershire in
1990 and has been running for 20 years. This report examines the workload and results.
Methods: We reviewed the screening database for attendance and outcome records from AAA surgery in Gloucestershire
and postmortem and death certificate results looking for men who died from ruptured AAAs in the screening cohort. The
setting was an AAA screening program in the county of Gloucestershire, UK. Men aged 65 were invited by year of birth
to attend for an ultrasound screening for AAAs. Men with an aorta<2.6 cm were reassured and discharged; men with an
aorta between 2.6 cm and 5.4 cm were offered follow-up surveillance; men with an aorta >5.4 cm were considered for
intervention. We analyzed attendance rates, screening and surveillance outcomes, and intervention rates and outcomes
over the 20 years of the study.
Results: Some 61,982 men were invited, and 52,690 attended for screening (85% attendance). At first scan, 50,130 men
(95.14%) had an aortic diameter <2.6 cm in diameter and were reassured and discharged; 148 men (0.28%) had an
AAA>5.4 cm in diameter and were referred for possible treatment; 2412 (4.57%) had an aortic diameter between 2.6 and
5.4 cm and entered a program of ultrasound surveillance. The overall mean aortic diameter on initial scan fell from 2.1
cm to 1.7 cm during the study (reduction 0.015 cm/y, 95% confidence interval [CI], 0.0144-0.0156 cm/y; P < .0001).
Some 631 patients with AAAs had intervention treatment with a perioperative mortality rate of 3.9%; during the same
interval, 372 AAAs detected incidentally were treated, with a mortality rate of 6.7%. The number of ruptured AAAs
treated annually in Gloucestershire fell during the study (2 for trend  18.31, df  1; P < .0001).
Conclusions: Screening reduced the number of ruptured AAAs in Gloucestershire during the 20 years of the program.
There has been a significant reduction of men with an abnormal aorta, as the mean aortic diameter of the 65-year-oldmale
has reduced over 20 years. ( J Vasc Surg 2012;56:8-14.)
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sRupture of an abdominal aortic aneurysm (AAA)
causes between 6000 and 8000 deaths every year in the
United Kingdom and Ireland.1 The majority of deaths
are in elderly men. While for some this is the natural end
to a long life, for many it results in the premature demise
of an active person. Since AAAs are generally asymptom-
atic before rupture, early detection is only possible on a
large scale by screening, which is easily done using
ultrasound imaging. Early detection of a large aneurysm
is followed by surgical intervention that effectively pre-
vents rupture.
Four large randomized trials of ultrasound screening in
men have proven feasibility,2-5 and meta-analysis of their
results suggests that a relative risk reduction of almost 50%
in AAA-related deaths is achieved within 10 years.6 Meta-
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8nalysis has also reported a strong trend toward a reduction
n all-cause mortality in screened men, an uncommon
eature in screening programs.7 The UK Department of
ealth has funded a national program (National Health
ervice [NHS] AAA Screening Program – NHS Abdominal
ortic Aneurysm Screening Programme [NAAASP]) to
creen 65-year-old men for AAAs in England that is being
mplemented over 5 years.8
AAA screening started in Gloucestershire in 1990. Af-
er a successful pilot scheme, men born in 1925 (aged 65
hat year) were offered ultrasound screening in their gen-
ral practitioner (GP) surgery. Since then, each year,
creening has been offered to another cohort of 65-year-
ld men, so that by the end of 2009, all men in the county
orn between 1925 and 1944 (aged 65-85) had been
nvited.
The present report is a cohort study documenting what
s in effect a screening cycle, in that men between 65 and 85
ears old in Gloucestershire have now been offered screen-
ng to protect them from AAA rupture. It describes the
ong-term outcomes of men found to have normal aortas
nd small and large aortic aneurysms. In addition, it exam-
nes the effect of screening on operative workload and the
pidemiology of ruptured aneurysms in the county over the
creening cycle. Finally, there are some parts of the Glouc-
stershire program that do not accord with the new NHS
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Volume 56, Number 1 Darwood et al 9program, and evidence concerning these differences is
highlighted.
METHODS
Gloucestershire Aneurysm Screening Program.
Details about the program have been published previ-
ously.9,10 Briefly, each year men reaching the age of 65 are
invited by year of birth to ultrasound screening at their
GP’s surgery. A mobile screening team consisting of a
radiographer and a nurse coordinator visit each of the 84
main GP surgeries and seven branch surgeries in the county
at least once every year. The radiographer performs an
initial scan on all 65-year-old men registered with the
practice and a surveillance scan on anyone found to have an
aortic diameter of 2.6 cm or greater on the previous visit.
The same type of ultrasound machine was used for the
duration of the study. The aortic diameter was taken as the
maximum anteroposterior diameter in mm assessed by
measurement from the inner wall to the inner wall of the
aorta. The majority of 65-year-old men were found to have
an aortic diameter of 2.5 cm or less and were reassured and
discharged at the first visit; they were not likely to have a
significant AAA at a time in their life where preventive
surgery would be an option. This contrasts with the NHS
Program, where men are reassured and discharged if their
aorta measures 2.9 cm in diameter or less.
Men with a small AAA (2.6-4.4 cm) had annual ultra-
sound follow-up in the GP surgery by the mobile team. In
the Gloucestershire program, men with an AAA over 4.4
cm in diameter (3.9 cm before 2005) had ultrasound
surveillance increased to six monthly, usually in a commu-
nity hospital setting close to their home or in a hospital
vascular laboratory. At this stage, they were also referred to
a hospital consultant for an outpatient appointment where
risk factor management was undertaken. Once the AAA
reached 5.5 cm, consideration was given to repair, after
discussion with a vascular surgeon.
Data capture. Detailed records concerning the pro-
gram have been maintained using an Access (Microsoft,
Redmond, Wash) relational database by the screening co-
ordinator. All men with an enlarged aorta (2.5 cm) have
been monitored, which has helped to inform research
about screening intervals, which have been modified over
the years.11 The study includes complete cohorts of men by
year of birth, starting in 1991, and concluding with the
cohort of men who became 65 in 2009.
The results of interventions for AAAs on patients from
Gloucestershire have been captured from the hospital pa-
tient administration database (PAS), local endovascular
aneurysm database, and the Vascular Society National Vas-
cular Database, and were cross-checked. These were then
cross-referenced with the screening database to identify
which operated patients had been screened. Perioperative
mortality was reported as 30-day death rate.
Aneurysm-related deaths in the county have been cap-
tured using the following methods: search of the hospital
PAS, the Information Unit, audit data, operation records,
search of computerized death certificates, incidental find- ings of aortic aneurysms found in the radiology depart-
ent, and routine surveillance of postmortem reports. This
ncludes both men with an enlarged aorta managed in the
creening program, but also men with an aorta of2.6 cm
t the initial screen who had been discharged, and men who
ere invited but did not attend screening.
The analysis was done in two parts. First, process data
ere collected and reported for men screened within the
rogram, including the number invited and screened, find-
ngs, and effects on local hospital workload for both elective
nd ruptured AAAs in men with an AAA5.4 cm either at
nitial scan or during continued surveillance. Second, sub-
roup analysis was undertaken on men screened in the first
0 years of the program (born between January 1, 1925,
he first cohort to be invited for screening in 1990 and
ecember 31, 1934, who were screened in 1999) to deter-
ine the longer-term outcomes (minimum 10 years) of
en with small AAAs detected at initial surveillance. The
utcomes of screened men with small (2.6-2.9 cm and
-3.9 cm) and larger (4-5.4 cm) AAAs were reported
eparately.
Statistical analysis was done using 2 testing for com-
arison of mortality data and 2 for trend to evaluate
ongitudinal variation. Cox regression analysis was used to
emonstrate the role of initial aortic diameter on survival.
esults are expressed as means with 95% confidence inter-
als (CIs), where appropriate, and P  .05 was taken to
mply statistical significance.
No ethics approval was needed or sought for this study,
hich was conducted as a service review.
ESULTS
ttendance and prevalence
Over the screening cycle (20 years), a total of 61,982
en were invited, and 52,690 attended for screening
overall attendance, 85%). Attendance rates have ranged
rom 78% to 89%, peaking in 1999. There has been decline
n mean aortic diameter at initial scan over the 20-year
Mean Aortic Diameter
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July 201210 Darwood et al1990 to 17 mm (SD  0.35) in 2009 (Fig 1). This
represents a decline in mean aortic diameter estimated at
0.015 cm/y (95% CI, 0.0144-0.0156 cm/y; P  .0001).
In a further analysis (data not shown), this decline was
shown to have occurred across all aortic diameters, not just
the larger ones. In total, at first scan, 148 men (0.28%) had
an AAA  5.4 cm in diameter, 2412 (4.57%) had a diam-
eter 2.6 to 5.4 cm, and the remaining 50,130 men
(95.14%) had an aortic diameter 2.6 cm and were reas-
sured and discharged from the program. There has been a
corresponding increase in the proportion of men with a
normal aorta and a steady decrease in the proportion of
men with both small and large AAAs (Fig 2). The number
of men detected with an aorta 2.9 cm in diameter
(NAAASP cutoff) has reduced significantly over the study
interval: 4.78% in 1990 to 1.11% in 2009; P .0001, 2 for
trend 97.5, df  1.
Outcomes of screening
Initial scan >5.4 cm. A total of 148 men had an
initial scan with an AAA diameter of 5.4 cm and were
referred for consideration of operative intervention. Of
these, 120 (81%) underwent intervention, with two peri-
operative deaths (1.9%). Twenty-eight of the remainder
either declined or were not thought fit for operative inter-
vention. Eleven of these subsequently ruptured their aneu-
rysm, five underwent emergency surgery, of whom three
survived. The remainder continue under surveillance with
AAAs 5.4 cm in diameter, usually because their level of
fitness or age mean that the risks of intervention outweigh
the benefits.
Surveillance scan >5.4 cm. A further 547 men had
an initial AAA scan5.5 cm, but whose AAAs grew to this
level or above during surveillance. Of these, 376 (69%)
proceeded to aneurysm repair, with a perioperative mortal-
ity rate of 3.9%.
Operative workload. During the same interval, a to-
tal of 1003 aortic aneurysm repairs for nonruptured AAAs
were performed in Gloucestershire, including symptomatic
and asymptomatic men. Overall, the proportion of AAAs
Incidence of AAA
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Fig 2. Percentage of men with an abdominal aortic aneurysm
(AAA) by year of screening.detected by screening gradually increased during the study, (nd the proportion of ruptured AAAs reduced: 2 for trend
8.31, df1;P .0001 (Fig 3). The overall 30-day mortality
ate for nonruptured AAAs in the county between 1990 and
009 was 4.3% (43/1012); perioperative mortality was lower
n AAAs detected by screening than those detected inciden-
ally: n 631, 3.9% vs n 381, 6.7%; P .0047 (2 test).
en with an aorta <2.6 cm on initial scan
Of the 50,130 men who had screening, but whose
ortic diameter was 2.6 cm, 95 (0.19%) have subse-
uently been found incidentally or due to symptoms to
ave an AAA 3 cm in diameter. Of these, 46 have had
urgery to repair the aneurysm, 30 electively (no deaths)
nd 16 as an emergency (four deaths). Thirty-four men had
ruptured AAA but did not undergo surgery. Eight men
re still under active ultrasound surveillance, six have died
rom other causes (with an intact AAA), and one has moved
way from the area. Thus, a total of 80 men (0.16% of those
ith an initially normal scan) have either had an aneurysm
epair or died from a ruptured aneurysm. The median age
f the men in this group was 79 (75-80 years), and the
ncident occurred a median of 13 (9.9 to 14.4) years
ollowing their initial scan. There were a total of 38 known
neurysm-related deaths in this group, 0.08% of the popu-
ation.
en under surveillance with at least 10 years of
ollow-up
This subgroup analysis included 1254 men with an
AA between 2.6 to 5.4 cm in diameter under routine
urveillance with a minimum of 10 years of follow-up
median follow-up was less than 10 years since some pa-
ients in this group underwent surgery before the end of
ollow-up). The Table shows the outcomes for men whose
nitial scan was between 1990 and 1999. The results were
eparated according to aortic diameter at initial screen into
hree groups; 2.6 to 2.9 cm (below NAAASP criteria), 3 to
.9 cm, and 4 to 5.4 cm in diameter. With increasing initial
ortic diameter, a higher proportion of men underwent
urgery. Notably, however, in the group with initial aortic
iameter 2.6 to 2.9 cm, after 10 years of follow-up, 87
15%) had developed an AAA 5.4 cm, of whom 59 had
lective repair (four deaths). Another 13 men had a rup-
ured aneurysm; three of six who had urgent surgery sur-
ived (Fig 4).
Both aneurysm-related mortality and nonaneurysm-
elated mortality increased with increasing aortic size (Ta-
le). Cox regression analysis of survival based on aortic
iameter at first screen gives the following results: for
AA-related death (n 81) - hazard ratio, 1.625 (95% CI,
.384-1.907) per cm, ie, 62% increase per extra cm in
iameter; for non-AAA-related death (n  474) - hazard
atio, 1.285 (95% CI, 1.187-1.392) per cm, ie, 28% in-
rease per cm; for all deaths (n 586) - hazard ratio, 1.327
95% CI, 1.237-1.423) per cm, ie, 33% increase per cm.
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Gloucestershire became one of the early-adopter local
sites for the NAAASP in April 2009. This article analyzes
the results of the screening cycle for the previous 20 years
when the program was run by local enthusiasts. As such, it
can be taken to represent the effect of introducing the
screening program nationally, since the methods used were
very similar.
Attendance rates for screening were high, particularly
for a population-screening program. In Gloucestershire,
attendance was slightly higher than has been reported in
the four randomized controlled trials of aneurysm
screening (Chichester 75%,2 Perth 70%,3 Viborg 76%,4
and Multicenter Aneurysm Screening Study [MASS]
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df  1; P  .0001.
Table. Outcomes of screened men with an aorta 2.5 cm
2.6-2.9 cm
AAA
n 547
Final aortic diameter (median [IQR]) 3.15 (2.6-4.6) cm
Median follow-up 7.9 (2.7-11) year
Final AAA 4 cm 201 34
Final AAA 5.4 cm 87 15
Elective AAA repair 57 9
Elective AAA death 4 7
Screen to surgery 9.4 (7.5-11.3) ye
RAAA repair 6
Death following RAAA repair 3
Death following RAAA – no surgery 7
Total AAA death 14 2
Non-AAA death 185 32
Overall mortality 199 34
AAA, Abdominal aortic aneurysm; IQR, interquartile range; RAAA, ruptu
aDeath from aortoenteric fistula 8 years following AAA repair.
bDeath from ruptured false aneurysm 116 months after AAA repair.
cThree ruptures and eight “urgent.”80%).5 NAn interesting finding was that aortic diameter in men
ge 65 in Gloucestershire has steadily decreased over the 20
ears of the study. This was not expected and runs counter
o previously published hospital data suggesting that the
ame interval has witnessed an increase in elective and
mergency AAA surgery.12-14 Possible confounding factors
nclude changes in the measurement method and changes
n the population that attended for screening. The method
f ultrasound imaging has remained consistent for the past
0 years. Although ultrasound machines have become
ore sophisticated, there is no evidence they are now more
ccurate for this simple measurement. The inner-wall mea-
urement technique is known to give the lowest reading of
ortic diameter but was used in MASS and is used in
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Neither is there any evidence that the population scanned
has changed: attendance rates in this group of 65-year-old
men have remained similar throughout the study. Hyper-
tension, smoking, and hypercholesterolemia have been
shown to have a strong association with the development of
AAAs16 and it is suggested that improved medical manage-
ment of these risk factors is bringing to an end the epidemic
of AAAs.17 This possible reduction is perhaps consistent
with other improvements in rates of cardiovascular dis-
eases such as heart attack and stroke18 and has also been
described recently in Sweden, Australia, and New Zea-
land.19-21
The positive benefits of screening are hard to quantify
in an open cohort study, although the latest meta-analysis
of the randomized trials suggests that a well-functioning
program would reduce AAA-related mortality by at least
45%; the number needed to screen to prevent one ruptured
AAA  238.7 The number of ruptured AAAs treated in
Gloucestershire has reduced over the years, commensurate
with this effect. As has been described elsewhere, the results
of AAA repair in this group appear to be better than in
incidentally detected AAAs.22
Another major risk in men with AAAs is death from
other cardiovascular disease. Non-AAA mortality was high
in men under surveillance, emphasizing the importance of
good secondary prevention advice. Increasing aortic diam-
eter appears to be a striking risk factor for nonaneurysm-
related mortality, a finding also present in a study from
Pittsburgh of 416 patients with an enlarged aorta.23
Aneurysm-related death was highest (16%) in the 4-
to 5.4-cm group, although it is difficult to draw any firm
conclusions from this, given the small numbers of
aneurysm-related deaths overall. The screening interval for
patients in this group was 6 months and 23 died from a
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Fig 4. Outcome in men with at least 10 years of follow-up after
their initial scan according to aortic diameter. AAA, Abdominal
aortic aneurysm.ruptured AAA; it may be that a shorter surveillance interval tf 3 months, as used in the MASS trial and in NAAASP,
ay be safer.
In the Gloucestershire early cohort, a significant pro-
ortion of men with an initial aortic diameter of more than
.9 cm (similar to the cutoff size in NAAASP) eventually
equired intervention for AAAs. By 10 years following the
nitial screen, 40% of men with an initial aortic diameter of
to 3.9 cm and 70% of men with an aorta of 4 to 5.4 cm
ad undergone surgery for their aneurysm. In addition, the
ajority (84%) of men found to have an AAA of more than
.4 cm underwent repair, although it is recognized that
ome men may go through the screening process and yet
ot be fit for treatment, particularly if their aneurysm only
eaches 5.5 cm after many years of surveillance. Another
otential disadvantage of screening is reduced quality of life
n men under surveillance.24 This remains controversial,
ince screening did not seem to affect quality of life of men
n Gloucestershire.25
In the NHS Screening Programme in England, men
ith an abdominal aorta 3 cm in diameter are reassured
nd discharged. In the Gloucestershire cohort, 2.5 cm was
hosen as the safe diameter, since this value was two stan-
ard deviations away from the population mean. In the
loucestershire program after 10 years of follow-up, 34%
f men with an aorta between 2.6 to 2.9 cm in diameter
ent on to develop an AAA more than 4 cm in diameter,
nd almost 10% required elective AAA repair. Very few (less
han two in 1000) men who had a normal (2.5 cm or less)
ortic diameter at the age of 65 were known to have
eveloped an AAA requiring treatment. It is important that
en realize as they are being informed about AAA screen-
ng, that it does not completely eradicate the risk of AAA
upture, and this is clearly stated in the NAAASP informa-
ion sheets. Extending surveillance to men with an initial
ortic diameter 2.6 to 2.9 cm at age 65 years may yield a
ignificant number of large, life-threatening AAAs.26
This present study has its limitations. While every effort
as made to ensure data collection was complete, hospital
nformation is known to be unreliable. Therefore, hospital
nformation system data were cross-checked and correlated
ith as many sources as possible, including the National
ascular Database and the local endovascular aneurysm
epair database, and where this was not possible, with
ischarge summaries or radiology data. The information on
eaths outside hospital came from ongoing systematic re-
iew of death certificates, but not all patients had under-
one a postmortem examination, and death certificates may
e unreliable. Other men may have died or had an aortic
neurysm repair outside the county; while these data are
ollected for men within the aneurysm screening program,
atients who were discharged following their initial screen
nd went on to have an event outside the county may have
een missed.
Lessons learned from this 20-year study, together with
ata from the fledgling NHS program in England will help
nform the future of AAA screening.27 For example, just as
he number of 65-year-old men with an AAA in Glouces-
ershire appears to be reducing, the first results from
11
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
JOURNAL OF VASCULAR SURGERY
Volume 56, Number 1 Darwood et al 13NAAASP show a lower rate of AAAs than was found in
MASS and other earlier screening studies.28 Other national
screening programs under implementation have found
their results can be different from the previous controlled
trials. NAAASP will need to be responsive to these findings
and may have to refine their program. Extending screening
programs has the potential to make significant inroads into
AAA-related mortality worldwide.29,30
The Gloucestershire Aneurysm Screening Programme
was initially founded on goodwill, and with the support of
Gloucestershire’s GPs, and funded with a grant from the
Gloucestershire Vascular Research Trust Fund. Funding
was assumed by the Gloucestershire Hospitals Trust in
1998. This research was part of service evaluation. The
authors would like to commend Gloucestershire Hospitals
NHS Foundation Trust who supported the program since
1998. The authors wish to thank all the sonographers who
have undertaken the imaging in the Programme and Chris
Foy for his advice with the statistical analysis.
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